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VEHICULAR BATTERY CHARGER,
CHARGING SYSTEM, AND METHOD
DISPLAYING TOTAL COST

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present patent application 1s a continuation of U.S.
patent application Ser. No. 17/188,269, filed Mar. 1, 2021,
which 1s a continuation of U.S. patent application Ser. No.
16/056,059, filed Aug. 6, 2018, which 1s a continuation of
U.S. patent application Ser. No. 12/737,803, filed Feb. 17,
2011, which application 1s a national stage filing under 35
U.S.C. § 371 of International Application No. PCT/US2009/
054174, filed on Aug. 18, 2009, which claims the benefit of
U.S. Provisional Patent Application No. 61/189,353 filed on
Aug. 18, 2008, the entire contents of which are incorporated
herein by reference in their entireties.

BACKGROUND

In light of the ever-rising costs of energy in the global
market, energy consumers of all types seek to reduce the
impact such costs to the greatest extent possible. One
popular manner of doing so 1s the use of vehicles that do not
rely solely (and 1 some cases, at all) upon petroleum
products as a source of energy. Many such vehicles have
been developed that rely exclusively or in large part on
batteries that must be recharged from a source of electrical
power external to the vehicle. Such vehicles are referred to
hereinafter simply as “electric vehicles,” 1t being understood
that this term refers to any vehicle requiring an external
supply of electrical power to charge the vehicle for normal
use. By way of example and without limitation, the term
“electric vehicle” therefore refers to vehicles whose primary
source ol power 1s electrical batteries, as well as vehicles
that have other sources of power (e.g., biotuel, fuel cells,
natural gas, compressed air, and the like) 1n addition to or in
lieu of electrical batteries, but that are designed to be
supplied with electrical power from an external source to
improve eflicient operation of the vehicle.

Unfortunately, significant limitations exist to the wide-
spread utilization of electric vehicles. For example, most
households have a small number of appliances, devices, and
systems that require a significant draw of electrical power
from a power supplier. The ntroduction of an electrical
vehicle as another daily draw of electric power for a house-
hold would place unprecedented strain on community power
systems, many of which are already incapable of meeting
peak demands. This problem 1s exacerbated by the fact that
in some cases, the daily draw of electric power to charge the
battery of an electric vehicle may be the highest of a
household.

Simply put, existing power infrastructure for most coms-
munities 1s 1ncapable ol meeting the demand that wide-
spread use of rechargeable electric vehicles would place on
the mirastructure. Until electrical power distribution inira-
structure 1s updated to meet this demand (and even after such
a time), improvements 1n energy distribution and utilization
for charging electric vehicle batteries are welcome 1n the art.

SUMMARY OF THE INVENTION

In some embodiments, a vehicle charger for charging a
battery of a vehicle and adapted for communication with a
first controller remote from the vehicle and vehicle charger,
wherein the vehicle charger comprises an electrical power
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cord releasably attachable to at least one of the vehicle and
a source ol power; a second controller electrically coupled
to the electrical power cord; and at least one of a transmuitter
and a receiver coupled to the second controller and adapted
for communication with the first controller, the second
controller responsive to at least one signal from the first
controller by changing a charging state of the wvehicle
charger.

Some embodiments of the present invention provide a
vehicle charger for charging a battery of a vehicle in the
course of a charging session, wherein the vehicle charger
comprises a controller; a display coupled to the controller
and adapted to display a time; and a user-manipulatable
control coupled to the controller and operable by a user to
enter a time of day at which the charging session will end,
the controller changing the supply of electric power to the
vehicle battery during the course of the charging session by
at least one of increasing a rate ol charge of the battery,
decreasing the rate of charge of the battery, starting battery
charging, or stopping battery charging based at least 1n part
upon the time needed to charge the vehicle battery by the
time of day entered by the user.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, wherein the vehicle charger
comprises a display mounted within the vehicle within reach
of a user seated within the vehicle; a user-manipulatable
control within reach of the user seated within the vehicle and
by which a user can enter a time of day; a controller coupled
to the display and to the battery, the controller changing a
supply of electric power to charge the battery during the
course ol a charging session by at least one of 1increasing a
rate of charge of the battery, decreasing the rate of charge of
the battery, starting battery charging, or stopping battery
charging based at least in part upon the time of day entered
by the user.

Some embodiments of the present invention provide a
vehicle charger for charging a battery of a vehicle, wherein
the vehicle charger comprises: a controller; and a memory
coupled to the controller and 1n which to save a time of day
entered by a user; the controller changing a supply of electric
power to charge the battery during the course of a charging
session by at least one of increasing a rate of charge of the
battery, decreasing the rate of charge of the battery, starting
battery charging, or stopping battery charging based at least
in part upon the time of day entered by the user; and wherein
the controller supplies electric power to the battery 11 a level
of battery charge 1s below a threshold level of battery charge
independent of the time of day entered by the user, the
controller supplying electric power to the battery until the
threshold level of battery charge 1s reached.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, wherein the vehicle charger
comprises a controller; a display coupled to the controller;
and a memory accessible by the controller and 1n which to
save a time of day; the controller changing a supply of
clectric power to charge the battery during the course of a
charging session by at least one of increasing a rate of charge
of the battery, decreasing the rate of charge of the battery,
starting battery charging, or stopping battery charging based
at least 1n part upon the time of day; the controller operable
to display at least two different screens upon the display, at
least one of the screens displaying information regarding a
charging session, and at least one of the screens displaying
settings at least partially defining the manner of operation of
the vehicle charger.

Some embodiments of the present invention provide a
vehicle charger for charging a battery of a vehicle and
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adapted for communication with a first controller remote
from the vehicle and vehicle charger, wherein the vehicle
charger comprises a display; a second controller coupled to
the display and operable to change a supply of electric power
to charge the battery during the course of a charging session
by at least one of increasing a rate of charge of the battery,
decreasing the rate of charge of the battery, starting battery
charging, or stopping battery charging based at least 1n part
upon a time of day; and at least one of a transmitter and a
receiver coupled to the second controller and adapted for
communication with the first controller, wherein the second
controller displays an indicator indicating a status of com-
munication between the first and second controllers.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, and comprises a controller;
and a display coupled to the controller; the controller
changing a supply of electric power to charge the battery
during the course of a charging session by at least one of
increasing a rate of charge of the battery, decreasing the rate
of charge of the battery, starting battery charging, or stop-
ping battery charging based at least 1n part upon a time of
day; the controller operable to display on the display an
amount of time remaining to complete charging of the
battery.

Some embodiments of the present mvention provide a
vehicle charger for charging a battery of a vehicle, wherein
the vehicle charger comprises a controller; and a display
coupled to the controller; the controller changing a supply of
clectric power to charge the battery during the course of a
charging session by at least one of increasing a rate of charge
of the battery, decreasing the rate of charge of the battery,
starting battery charging, or stopping battery charging based
at least 1n part upon a time of day; the controller operable to
display on the display an amount of power consumed by the
battery during the charging session.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, and comprises a controller;
and a display coupled to the controller; the controller
changing a supply of electric power to charge the battery
during the course of a charging session by at least one of
increasing a rate of charge of the battery, decreasing the rate
of charge of the battery, starting battery charging, or stop-
ping battery charging based at least 1n part upon a time of
day; the controller operable to display on the display a cost
of power supplied to the vehicle charger.

Some embodiments of the present mvention provide a
vehicle charger for charging a battery of a vehicle 1n the
course ol a charging session, wherein the vehicle charger
comprises an electrical power cord releasably attachable to
at least one of the vehicle and a source of power; a
controller; a housing attached to the electrical cord; a display
on the housing, coupled to the controller, and adapted to
display a time; and a user-manipulatable control coupled to
the controller and operable by a user to enter a time of day;
the controller changing the supply of electric power to the
vehicle battery during the course of the charging session by
at least one of increasing a rate of charge of the battery,
decreasing the rate of charge of the battery, starting battery
charging, or stopping battery charging based at least 1n part
upon the time of day entered by the user.

In some embodiments, a vehicle charger for charging a
battery of a vehicle and adapted for communication with a
first controller remote from the vehicle and vehicle charger
1s provided, and comprises a display; a user-manipulatable
control; a second controller coupled to the display and
operable to change a supply of electric power to charge the
battery during the course of a charging session by at least
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one of icreasing a rate of charge of the battery, decreasing
the rate of charge of the battery, starting battery charging, or
stopping battery charging; and at least one of a transmitter
and a receiver coupled to the second controller and adapted
for communication with the first controller, the second
controller responsive to at least one signal from the first
controller by changing a charging state of the wvehicle
charger based at least in part upon the time of day entered
by the user.

Some embodiments of the present invention provide a
vehicle charger for charging a battery of a vehicle, wherein
the vehicle charger comprises a controller operable to
change a supply of electric power to charge the battery
during the course of a charging session by at least one of
increasing a rate of charge of the battery, decreasing the rate
of charge of the battery, starting battery charging, or stop-
ping battery charging based at least 1n part upon a time of
day, wherein the controller transmits a signal responsive to
detection of an interruption of power supply to the vehicle
charger.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, and comprises a controller;
a vehicle charger battery coupled to the controller; and an
clectrical power cord releasably attachable to at least one of
the vehicle and the vehicle charger battery to supply power
from the vehicle charger battery to the battery of the vehicle,
wherein the controller 1s operable to change a supply of
clectric power to the vehicle charger battery during the
course of a charging session by at least one of 1ncreasing a
rate of charge of the vehicle charger battery, decreasing the
rate of charge of the vehicle charger battery, starting charg-
ing of the vehicle charger battery, or stopping charging of the
vehicle charger battery based at least 1n part upon a time of
day.

Some embodiments of the present invention provide a
vehicle charger for charging a battery of a vehicle, wherein
the vehicle charger comprises a first core on the vehicle; a
second core 1n a location stationary with respect to the first
core, the second core providing an inductive charge to the
first core 1n at least one position of the first core with respect
to the second core; at least one sensor positioned to detect
the position of the first core with respect to the second core;
a display mounted within the vehicle within view of a user
seated within the vehicle; and a controller coupled to the
display and responsive to signals from the sensor to display
at least one 1ndicator on the display indicating a direction 1n
which the vehicle must move for an 1mproved positional
relationship between the first and second cores.

In some embodiments, a vehicle charger for charging a
battery of a vehicle 1s provided, and comprises a controller;
a first electrical connector coupled to the battery and the
controller and located on one side of the vehicle; and a
second electrical connector coupled to the battery and the
controller and located on a diflerent side of the vehicle, the
first and second electrical connectors both shaped and
dimensioned for releasable connection to an electrical power
cord supplying power to the vehicle from an external power
source.

Some embodiments of the present invention provide a
method of controlling charging of batteries of multiple
vehicles each electrically connected to a power generation
and distribution system, wherein the method comprises
establishing communication with a controller associated
with a battery charger of each vehicle; obtaining from each
battery charger a time of day by which battery charging for
the vehicle associated with the battery charger must be
completed; and changing power supply to at least some of
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the battery chargers based at least 1n part upon the time of
day received from the battery chargers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a power generation and
distribution system for a community.

FI1G. 2 illustrates a vehicular charging system according to
an embodiment of the present invention.

FI1G. 3 illustrates a vehicular charging system according to
another embodiment of the present mnvention.

FI1G. 4 1llustrates a vehicular charging system according to
another embodiment of the present invention.

FIG. 5 1s a perspective view of a vehicle charger accord-
ing to an embodiment of the present invention.

FIG. 6 1s a perspective view ol a portion of the vehicular
charger illustrated 1n FIG. 5, shown 1n a first state.

FIG. 7 1s a perspective view of the vehicular charger
illustrated 1 FIGS. § and 6, showing the vehicular charger
in a second state.

FIG. 8 1s a perspective view of the vehicular charger
illustrated 1n FIGS. 5-7, showing the vehicular charger 1n a
third state.

FIG. 9 1s a perspective view of the vehicular charger
illustrated 1n FIGS. 5-8, showing the vehicular charger 1n a
fourth state.

FIG. 10 1s a perspective view of the vehicular charger
illustrated 1 FIGS. 5-9, showing the vehicular charger in a
fifth state.

FIG. 11 1s a perspective view of the vehicular charger
illustrated 1 FIGS. 5-10, showing the vehicular charger 1n
a sixth state.

FIG. 12 1s a perspective view of a portion of a vehicular
charger according to another embodiment of the present
invention.

FIG. 13 illustrates a vehicle display according to an
embodiment of the present invention.

FI1G. 14 illustrates another vehicle display according to an
embodiment of the present invention.

FIG. 15 1s a schematic electrical diagram of a vehicular
charging system according to an embodiment of the present
invention.

FIG. 16 1s a schematic electrical diagram of a vehicular
charging system according to another embodiment of the
present mvention.

FIG. 17 1s a schematic electrical diagram of a vehicular
charging system according to another embodiment of the
present mvention.

FIG. 18 a schematic diagram of a portion of a inductive
vehicular charging system according to an embodiment of
the present invention.

FIG. 19 illustrates a vehicular display for the inductive
vehicular charging system illustrated in FIG. 18.

FIG. 20 1s a side view of a vehicle and vehicular charger
according to an embodiment of the present invention.

FIG. 21 1s a top view of the vehicle and vehicular charger
shown 1n FIG. 19.

FIG. 22 1s a perspective view of the vehicle and vehicular
charger shown in FIGS. 19 and 20.

FIG. 23 1s a perspective detail view of the vehicle and
vehicular charger shown in FIGS. 19-21.

FIG. 24 1s a flowchart 1llustrating a method of operation
of a vehicular charger according to an embodiment of the
present mvention.

FIG. 25 1s a flowchart 1llustrating a method of operation
of a vehicular charger according to another embodiment of
the present invention.
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FIG. 26 1s a flowchart illustrating a method of operation
of a vehicular charger according to another embodiment of

the present invention.

FIG. 27 1s a flowchart 1llustrating a method of operation
of a vehicular charger according to another embodiment of
the present invention.

FIG. 28 1s a flowchart illustrating a method of operation
of a vehicular charging system according to an embodiment
of the present invention.

FIG. 29 1llustrates power draw from a power grid over a
period of time, as controlled 1n part by a vehicular power
charging system according to an embodiment of the present
invention.

DETAILED DESCRIPTION

Before any embodiments of the present invention are
explained 1n detail, 1t 1s to be understood that the present
invention 1s not limited in 1ts application to the details of
construction and the arrangement of components set forth 1n
the following description or 1llustrated 1n the accompanying
drawings. The invention i1s capable of other embodiments
and of being practiced or of being carried out 1 various
ways. Also, 1t 1s to be understood that the phraseology and
terminology used herein 1s for the purpose of description,
and should not be regarded as limiting. The use of “includ-
ing,” “comprising,” or “having” and variations thereof
herein 1s meant to encompass the items listed thereatter and
equivalents thereolf as well as additional items. Unless
specified or limited otherwise, the terms “mounted,” “con-
nected,” “supported,” and “coupled” and variations thereof
are used broadly and encompass both direct and indirect
mountings, connections, supports, and couplings. Further,
“connected” and “coupled” are not restricted to physical or
mechanical connections or couplings.

A power generation and distribution system in which
vehicle chargers and vehicle charging systems according to
the present invention can be used 1s 1llustrated schematically
in FIG. 1, and 1s indicated generally at 10. The system 10
includes one or more sources of power 12 that supply a
community, such as one or more power plants generating
clectric power from natural gas, coal, water flow, nuclear
power, geo-thermal power, wind, solar power, other power
sources, and any combination thereof Any number of
sources of power 12 can supply the electricity needs of the
community, and can be located within the community and/or
located distant from the commumty. For example, electric
power can be generated in one or more power plants located
in or nearby the commumty, whereas additional electric
power can be supplied from other more distant power plants
as needed 1 times of peak demand.

Electric power 1s distributed from the sources of power 12
in any conventional manner, such as by a number of power
lines 14 running from the sources of power 12 to various
locations 1n the community. Electric power can be further
distributed within the community by additional power lines
14 and power distribution infrastructure. Such power lines
and power distribution infrastructure (in their various forms)
are known to those skilled in the art, and are not therefore
described further herein.

Electric power 1s transmitted over the power lines 14 to a
number of different locations 16 in the community, each of
which draws and uses the electrical power for various
purposes. One or more electric vehicles 18, 618, 1018 are at
some of these locations, and dr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>